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Description

TECHNICAL FIELD OF THE INVENTION

[0001] The present invention is generally related to the
art of microelectromechanical devices, and more partic-
ularly, to micromirror array devices for use in display sys-
tems.

BACKGROUND OF THE INVENTION

[0002] Micromirror arrays are key components of mi-
croelectromechanical system (MEMS)-based spatial
light modulators (SLMs). SLMs are transducers that mod-
ulate an incident beam of light in a spatial pattern that
corresponds to an optical or electrical input. A typical
MEMS-based SLM consists of an array of individually
addressable micromirrors. Each micromirror consists of
a deflectable reflective mirror plate that is attached to a
deformable hinge formed on a substrate such that the
mirror plate can rotate on the substrate. Each individual
mirror plate can be deflected independently by an elec-
trostatic force. The electrostatic force is derived from an
electrostatic field established between the mirror plate
and an electrode. Reflection of a beam of incident light
incident on a micromirror can then be controlled, for ex-
ample, by deflecting the micromirror through changing
the electrostatic force applied to the micromirror. MEMS-
based SLM have experienced significant developments
and have been implemented in many applications, one
of which is the use in digital display systems. In a display
application, each micromirror is associated with a pixel
of a displayed image. To produce a bright pixel, the state
of the micromirror associated with the pixel is set in such
a way that the reflected light from the micromirror is di-
rected onto a target for viewing. To produce a dark pixel,
the state of the micromirror is tuned such that the reflect-
ed light from the micromirror is directed away from the
display device. In order to display a black-and-white im-
age, the micromirror array is illuminated by a beam of
light. By coordinating the reflective status of the micro-
mirrors based on the brightness of the pixels of the de-
sired image, the collective effect of all reflected lights
from individual micromirrors is the generation of the de-
sired image. Gray-scaled and colored images can also
be displayed using the micromirror array with the pulse-
width-modulation and sequential-color display tech-
niques, which will not be discussed in detail herein.
[0003] Variations of the micromirror array, of which the
SLM is comprised, have been developed.
[0004] The document WO 02/063371 discloses an
SLM based on MEMS wherein each micro-mirror ele-
ment is suspended above a substrate by torsion hinges,
which may be supported either by separate posts or by
adjacent mirrors. The document US 2004/0035821 dis-
closes an SLM based on MEMS, wherein the hinger as-
sociated to the micro-mirrors are supported by hinge sup-
ports interconnected in a hinge support structure. Re-

gardless of the variations, the micromirror is the key com-
ponent of an SLM used for display systems and the qual-
ity of a displayed image depends on the integrity and
function of that micromirror. Therefore, a method and de-
vice that will simplify the product and the fabrication there-
of is needed.

SUMMARY OF THE INVENTION

[0005] The objects and advantages of the present in-
vention will be obvious, and in part appear hereafter and
are accomplished by the present invention that provides
a method and apparatus for operating pixels of spatial
light modulators in display systems. Such objects of the
invention are achieved in the features of the independent
claims attached hereto. Preferred embodiments are
characterized in the dependent claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] While the appended claims set forth the fea-
tures of the present invention with particularity, the in-
vention, together with its objects and advantages, may
be best understood from the following detailed descrip-
tion taken in conjunction with the accompanying draw-
ings of which:
[0007] FIG. 1 illustrates an exemplary display system
having a spatial light modulator in which embodiments
of the invention can be implemented;
[0008] FIG. 2a illustrates a perspective view of a por-
tion of an exemplary spatial light modulator in FIG. 1;
[0009] FIG. 2b illustrates a cross-section view of an-
other spatial light modulator in FIG. 2a;
[0010] FIG. 3 illustrates a perspective view of another
exemplary spatial light modulator according to an em-
bodiment of the invention;
[0011] FIG. 4 illustrates an exemplary micromirror,
[0012] FIG. 5 illustrates another exemplary micromir-
ror; and
[0013] FIG. 6a to 6c illustrates cross-section views of
the micromirror in FIG. 2b during an exemplary fabrica-
tion process.

DETAILED DESCRIPTION OF THE INVENTION

[0014] In the micromirror array device of the present
invention, posts are provided for selected micromirrors
in the array, whereas all deflectable mirror plates of the
micromirror array are supported and held by the provided
posts such that the mirror plates can be individually ad-
dressed and deflected on a substrate. For this purpose,
hinges of the micromirrors are interconnected according
to a particular pattern. The posts are distributed across
the array of micromirrors and connecting the hinges to
the substrate. The locations of the posts can be deter-
mined based on the connection pattern of the hinges, as
well as the mechanical properties of the hinges and/or
the mechanical properties of the hinge connections. As

1 2 



EP 1 805 545 B1

3

5

10

15

20

25

30

35

40

45

50

55

a result, one or more micromirrors in the micromirror array
are not provided with a post. The mirror plate and the
hinge of such a micromirror are held by the other hinges
and the posts. Meanwhile, there can be a micromirror in
the micromirror array having at most one post directly
connected thereto.
[0015] The following description refers to drawings
which are based on selected examples for demonstration
purposes only and should not be interpreted as a limita-
tion to the present invention. Other variations without de-
parture from the spirit of the present invention are also
applicable.
[0016] The micromirror array device of the present in-
vention has a variety of applications, one of which is in
display systems. FIG. 1 presents an exemplary display
system that employs a spatial light modulator comprising
an array of micromirrors. In its basic configuration, dis-
play system 100 comprises light source 102, optical de-
vices (e.g. light pipe 104, condensing lens 108 and pro-
jection lens 112), display target 114 and spatial light mod-
ulator 110 that further comprises a plurality of micromirror
devices (e.g. an array of micromirrors). Light source 102
(e.g. an arc lamp) emits light through the light integrator/
pipe 104, color wheel 106 and condensing lens 108 and
onto spatial light modulator 110. Though the color wheel
is positioned after the light pipe in this example, the color
wheel may be positioned before the light pipe as well.
The micromirrors of the spatial light modulator 110 are
selectively actuated by a controller (e.g. as disclosed in
U.S. Patent 6,388,661 issued May 14, 2002 so as to re-
flect-when in their "ON’ position-the incident light into pro-
jection optics 112, resulting in an image on display target
114 (screen, a viewer’s eyes, a photosensitive material,
etc.). Generally, more complex optical systems are often
used, especially in displaying applications for color im-
ages.
[0017] FIG. 2a depicts an example of a micromirror
array that can be used for spatial light modulator 110 of
FIG. 1. For simplicity purposes, only 4�4 micromirrors
are presented. In general, the micromirror array may
have millions of micromirrors, especially in display sys-
tems. For example, the micromirror array may have
1024�1768, or 1280�1024, or 1600�1024 or even larg-
er numbers of micromirrors.
[0018] The micromirror array can be constructed hav-
ing a pitch (the center-to-center distance between adja-
cent micromirrors) of 25 micrometers or less, or 10.16
micrometers or less, or from 4.38 to 10.16 micrometers.
The gap between adjacent micromirrors is approximately
of 0.5 micrometers or less, or from 0.1 to 0.5 micrometer.
And the mirror plate of the micromirror has a dimension
of from 20 micrometers to 10 micrometers.
[0019] In the particular example shown in FIG.2a, the
micromirror array is formed on substrate 201, which can
be a light transmissive substrate, such as glass or quartz.
Each micromirror comprises a mirror plate (e.g. mirror
plate 210) and a hinge (e.g. hinge 206). The mirror plate
is attached to the hinge such that the mirror plate can

rotate relative to the substrate. The hinge is held by a
hinge support (e.g. hinge support 204) on the substrate.
The hinge supports of the micromirrors in the array are
interconnected along a direction of the micromirror array.
For example, the hinge supports of micromirrors 210,
212, 214, and 216 along direction AA are interconnected-
forming a hinge support strip (e.g. hinge .support strip
209). The hinge support strip as illustrated in the figure
is along direction AA, which is a diagonal of the micro-
mirror array. In other embodiments of the invention, the
hinge support strips of the micromirror array can be along
any desired directions in the plane of the micromirror ar-
ray. For example, the hinge support strips can be along
the edges or along a direction at an angle to the edges
of the micromirror array. A micromirror array may have
a plurality of hinge support strips that are parallel to each
other when viewed from the top, in plan view. Alterna-
tively, the micromirror array may have hinge support
strips that are not parallel to each other, which is not
shown in the figure.
[0020] FIG. 2b is a view of a cross-section taken along
direction AA of FIG. 2a. The mirror plates of the micro-
mirrors are attached to hinges that are held by hinge sup-
ports. For example, mirror plate 210 is attached to a de-
formable hinge via hinge contact 207. The hinge is held
by hinge structure 209 in FIG. 2a. The hinge supports of
micromirrors 210, 212, 214, and 216 are interconnected
to each other, forming hinge support strip 218. The hinge
support strip is supported, held and connected to sub-
strate 201 by posts 202 and 203. Posts 202 and 203 are
connected to one end of the hinge structure of micromir-
ror 211 and one end of the hinge structure of micromirror
217 respectively. However, the hinge structures of mi-
cromirrors 212 and 214 are not directly connected to a
post. That is, the mirror plates 211 and 213 of micromir-
rors 212 and 214 respectively are connected to the sub-
strate via hinges and hinge supports, the hinge support
strip and the posts that are connected to hinge supports
of micromirrors other than micromirrors 212 and 214 (e.g.
micromirrors 210 and 216). Of course, other arrange-
ments for the posts can also be applied. In particular,
posts can be provided for the micromirrors based upon
the mechanical properties of the hinge supports. For ex-
ample, fewer posts need be provided for micromirrors
that have rigid hinges or hinge supports.
[0021] The hinge supports of the micromirrors in the
micromirror array may alternatively be interconnected to
form a hinge support frame, as shown in FIG. 3. Referring
to FIG. 3, the hinge supports of the micromirrors are in-
terconnected in both BB and CC directions-forming a
hinge support frame. The BB and CC directions may or
may not be perpendicular to each other. The BB and CC
directions may or may not be parallel to the edges of the
micromirror array. With such a hinge support frame, the
mechanical stability and reliability of the micromirror ar-
ray can certainly be improved.
[0022] Though not shown in the figure, the hinge sup-
ports of the micromirrors in the micromirror array can be
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interconnected into hinge-support strips or hinge-support
frames, or hinge-support grids, or a combination of the
same. The hinge support of a micromirror in an instance
may stand alone, not being connected to other hinge sup-
ports.
[0023] The hinge support strips (frames and grids if
any) are supported and held by a plurality of posts on a
substrate. The posts are positioned between the hinge
support strips (frames or grids if any) on the substrate
substrate, and connect the hinge support strips (frames
or grids if any) to the substrate. In an embodiment of the
invention, each post is connected to a hinge support of
a micromirror in the micromirror array. The post may be
positioned at one or both ends along an axis of a mirror
plate to support the hinge support (i.e. hinge support 304
in FIG. 4 or hinge support 324 in FIG. 5). However, not
all the individual hinge support structures of the micro-
mirrors in the micromirror array are directly connected to
one or two posts. For example, a hinge support of a mi-
cromirror may have only one post connecting the hinge
support to, and supporting the hinge support on, the sub-
strate, or a micromirror may have no posts formed ther-
eon. In this instance, the hinge and the hinge support
holding the hinge is supported by the hinge support strip
(and/or the hinge support frame) to which the hinge sup-
port having no post is connected.
[0024] According to the invention, posts are provided
for the hinge supports of selected micromirrors in a mi-
cromirror array only. Specifically, the micromirrors to be
provided with posts can be selected according to a pre-
determined criterion. As a way of example, the criterion
can be: posts are provided for every particular number
m of micromirrors along a given direction (e.g. a diagonal
of the micromirror array or any direction defined by the
configuration of the hinge structures of the micromirrors);
or posts are provided for micromirrors that are randomly
selected from the micromirror array; or posts are provided
and distributed based upon the mechanical properties of
the hinge supports and/or the hinge strips (or frames or
grids if any).
[0025] As a way of example, the micromirror array may
have a plurality of first micromirrors provided with at least
two posts, and a plurality of second micromirrors provid-
ed with less than two posts, wherein the ratio of the
number of first micromirrors to the second micromirrors
is 1:2 or less, such as 1:3, or 1:4, or 1:5. As another
example, the total number of micromirrors having at least
two posts is approximately 90% or less, such as 80% or
less, or 70% or less, or 60% or less, or 50% or less, or
even 40% or less, of the total number of the micromirrors
in the micromirror array. As yet another example, the total
number of micromirrors having no post can be approxi-
mately 5% or more, such as 10% or more, 30% or more,
or 50% or more of the total number of micromirrors in the
micromirror array. Alternatively, the number of micromir-
rors each having at least one post is approximately 90%
or less, such as 80% or less, or 70% or less, or 50% or
less, or 45% or less of the total number of the micromirror

provided with no post is approximately 90% or less, such
as 80% or less, or 70% or less, or 50% or less, or 45%
or less, or 30% or less.
[0026] In another example, the micromirror array com-
prises a group of first micromirror devices each of which
comprises a deflectable reflective mirror plate, a deform-
able hinge, and at least two posts for holding the mirror
plate and hinge above a substrate; a group of second
micromirror devices each of which comprises a deflecta-
ble mirror plate, a deformable hinge, and at most one
post for holding the mirror plate and hinge above a sub-
strate; wherein a ratio of the numbers of the first micro-
mirrors to the second micromirrors is 1:2 or less. The
number of the first micromirrors can be 70% or less, such
as 50% or less, 30% or less, of the total number of mi-
cromirrors in the micromirror array. The number of the
second micromirrors can be 50% or more of the total
number of micromirrors in the micromirror array. The
group of the second micromirrors may further comprises
a subgroup of third micromirrors each of which having
no post, and a subgroup of fourth micromirrors each of
which has a single post, wherein the number of the third
micromirrors is 10% or less of the total number of the
second micromirrors in the group. The number of the
third micromirrors can be 5% or less, such as 1% or less
of the total number of the second micromirrors in the
group. The number of the fourth micromirrors can be 95%
or more, 85% or more, 75% or more of the total number
of the second micromirrors in the group.
[0027] In a micromirror array, the ratio of the total
number of posts to the total number n of mirror plates is
preferably less than (n+1)/n, such as less than (n+1)/2n.
[0028] In operation, illumination light is directed to the
mirror plates of the micromirrors where the illumination
is modulated so as to, for example, producing a desired
image. The illumination light, however may be scattered
by the portion of the posts exposed to the illumination
light, generating undesired scattered light. In display ap-
plications, such scattered light reduces the contrast ratio,
thus degrading the quality of the displayed images. For
this reason, the posts, at least the portions exposed to
the illumination light of the posts are coated with a light
absorbing material.
[0029] The micromirrors of a micromirror array as
those in FIGs. 2A and 3 may have a variety of configu-
rations, one of which is shown in FIG. 4. This particular
example is shown with two posts 302, one on each end
of a hinge support 304, which supports hinge 306. Hinge
support 304 operates on a diagonal axis of the mirror
plate of the micromirror. Its location above the central
axis of the mirror plate allows it to rotate asymmetrically,
that is, it is able to deflect to a larger angle in one direction
than another. Variations of stopping mechanisms may
also be used to control the angle to which the mirror de-
flects, such as tip 310, in this example. FIG. 5 depicts yet
another embodiment of a micromirror, in a different shape
and structure. Differing from the mirror plate in FIG. 3a,
the mirror plate has jagged edges. One benefit of these
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jagged edges is that it decreases the amount of light scat-
ter.
[0030] The micromirrors of the micromirror array each
have a mirror plate and a hinge to which the mirror plate
is attached such that the mirror plate can rotate relative
to a substrate. The hinge can be formed underneath the
mirror plate in relation to the incident light. Specifically,
the mirror plate can be positioned between the hinge and
the light transmissive substrate. This configuration has
many advantages. For example, because the hinge is
located underneath the mirror plate, it is not exposed to
the incident light. Therefore, unexpected light scattering
from the hinge can be avoided. Quality of the displayed
images, such as the contrast ratio of the displayed im-
ages can be improved as compared to the micromirrors
having exposed hinges.
[0031] In accordance with an embodiment of the in-
vention, the mirror plate is attached to the hinge such
that the mirror plate and the hinge are located in different
planes parallel to the substrate and is operable to rotate
asymmetrically. Specifically, the mirror plate rotates to a
larger angle (e.g. the ON state angle when operates in
a binary state mode having the ON state and OFF state)
in one direction than in another. For this purpose, the
mirror plate can be attached to the hinge such that the
attachment point is not at or around the geometric center
of the mirror plate. The rotation axis of the mirror plate
can be parallel to but offset from a diagonal of the mirror
plate when viewed from the top of the substrate on which
the micromirror is formed. Of course, other configurations
wherein the mirror plates rotate symmetrically are also
applicable.
[0032] For individually deflecting the micromirrors of
the micromirror array, an array of electrodes and circuitry
can be provided with each electrode being associated
with a micromirror. In operation, electrostatic fields are
established between the mirror plates of the micromirrors
and the electrodes associated with the respective micro-
mirrors, such that the mirror plates can be deflected in
response to electrostatic forces derived from said elec-
trostatic fields. In one embodiment, the electrodes and
circuitry can be formed on a semiconductor substrate
that is disposed at a specified distance proximate to the
substrate on which the micromirrors are formed. Alter-
natively, the array of micromirrors and the array of elec-
trodes and circuitry can be formed on the same substrate,
such as on a semiconductor substrate.
[0033] A demonstrative fabrication process for making
the micromirror and the micromirror array of the present
invention will be discussed in the following with referenc-
es to FIG. 6a to FIG. 6c. U.S. patent applications
09/910,537 filed on July 20, 2001, and 60/300,533 filed
on June 22, 2001, both to Reid, contain examples of ma-
terials that may be used for the various components of
the present invention. The exemplary processes are for
demonstration purposes only and should not be inter-
preted as limitations to the scope of the invention. In par-
ticular, although not limited thereto, the exemplary mi-

cromirror is formed on a glass substrate that is transpar-
ent to visible light, and electrodes and circuitry are formed
on a separate substrate, such as a silicon wafer. How-
ever, alternatively, the micromirror and the electrodes
and circuitry may be formed on the same substrate, with-
out exceeding the scope of the invention or altering the
essence of the invention. For example, the micromirror
substrate can be formed on a transfer substrate that is
light transmissive. Specifically, the micromirror plate can
be formed on the transfer substrate and then the micro-
mirror substrate along with the transfer substrate is at-
tached to another substrate such as a light transmissive
substrate followed by removal of the transfer substrate
and patterning of the micromirror substrate to form the
micromirror.
[0034] FIG. 6a illustrates a cross-section view of the
exemplary micromirror array in FIG. 2b. The micromirror
array is formed on substrate 400, which is transparent to
visible light (e.g. glass, 1737F, Eagle 2000, quartz, Py-
rex™, and sapphire). First sacrificial layer 402 is depos-
ited on substrate 400. First sacrificial layer 402 may be
any suitable material, such as amorphous silicon, or
could alternatively be a polymer or polymide, or even
polysilicon, silicon nitride, silicon dioxide and tungsten,
depending upon the choice of sacrificial materials, and
the etchant selected. In the embodiment of the invention,
the first sacrificial layer is amorphous silicon, and it is
preferably deposited at 300-350°C. The thickness of the
first sacrificial layer can be wide-ranging depending upon
the size of the micromirror and the desired tilt angle of
the micromirror, though preferred is a thickness of from
500 Å to 50,000 Å, preferably close to 25,000 Å. The first
sacrificial layer may be deposited on the substrate using
any suitable method, such as LPCVD or PECVD.
[0035] As an optional feature of the embodiment, an
anti-reflection film may be deposited on the surface of
substrate 400. The anti-reflection film is deposited for
reducing the reflection of the incident light from the sur-
face of the substrate. Of course, other optical enhancing
films may be deposited on either surface of the glass
substrate, as desired. In addition to the optical enhancing
films, an electrode may be formed on a surface of sub-
strate 400. The electrode can be formed as an electrode
grid or a series of electrode segments (e.g. electrode
strips) around the mirror plate. Alternatively, the elec-
trode can be formed as an electrode film on the surface
of substrate 400, in which case, the electrode film is trans-
parent to visible light. The electrode can be used for driv-
ing the mirror plate to either the ON state or the OFF
state. Alternatively, a light-absorbing grid can be depos-
ited on a surface of the glass substrate and around or
below each micromirror. The light-absorbing frame ab-
sorbs incident light that reaches the substrate and/or light
scattered from the edges of the micromirrors. By prevent-
ing unwanted reflection of light off the substrate, the ab-
sorption of the scattered light improves the quality of per-
formance, such as the contrast ratio, of the micromirror.
[0036] After depositing the first sacrificial layer, the mir-
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ror plates of micromirrors, such as mirror plates 404, 414,
416 and 418, are formed, the hinge supports of which
are interconnected, such as in a hinge support strip in
this example or alternatively a frame. The mirror plates
are deposited and patterned on the first sacrificial layer.
Because the micromirrors are designated for reflecting
incident light in the spectrum of interest (e.g. the visible
light spectrum), it is preferred that the micromirror plate
layer comprises one or more materials that exhibit high
reflectivity (preferably 90% or higher) to the incident light.
The thickness of the micromirror plates can be wide-rang-
ing, depending upon the desired mechanical properties
(e.g. the elastic module), the size of the micromirror, the
desired ON state angle and OFF state angle, the elec-
tronic properties (e.g. the conductivity) of the mirror
plates and the properties of the materials selected for
forming the micromirror plates. According to the inven-
tion, a thickness from 500 Å to 50,0000 Å, preferably
around 2,500 Å, is preferred for the mirror plates. In the
given embodiment of the invention, the mirror plates are
a multi-layered structure, which comprises a SiOx layer
with a preferred thickness around 400 Å, a light-reflecting
layer of aluminum with a preferred thickness around
2,500 Å, a titanium layer with a preferred thickness
around 80 Å, and a 200 Å TiN, layer. In addition to alu-
minum, other materials, such as Ti, AlSiCu and TiAl, hav-
ing high reflectivity to visible light may also be used for
the light-reflecting layer. These mirror plate layers can
be deposited by PVD at a temperature preferably around
150°C.
[0037] After deposition, mirror plates 404, 414, 416,
and 418 are patterned into desired shapes, such as the
shapes depicted in FIG. 3a or FIG. 3b. The patterning of
the micromirrors can be achieved using standard pho-
toresist patterning followed by etching, using for example
CF4, Cl2, or other suitable etchant depending upon the
specific material of the micromirror plate layer.
[0038] After patterning the mirror plates, second sac-
rificial layer 412 is deposited on first sacrificial layer 402
and mirror plates 404, 414, 416 and 418. The second
sacrificial layer may comprise amorphous silicon, or
could alternatively comprise one or more of the various
materials mentioned above in reference to the first sac-
rificial layer. First and second sacrificial layers need not
be the same, although they are the same in the preferred
embodiment so that, in the future, the etching process
for removing these sacrificial materials can be simplified.
As with the first sacrificial layer, the second sacrificial
layer may be deposited using any suitable method, such
as LPCVD or PECVD. In the embodiment of the inven-
tion, the second sacrificial layer comprises amorphous
silicon deposited at approximately 350°C. The thickness
of the second sacrificial layer can be on the order of
12,000 Å, but may be adjusted to any reasonable thick-
ness, such as between 2,000 Å and 20,000 Å, depending
upon the desired distance (in the direction perpendicular
to the micromirror plate and the substrate) between the
micromirror plate and the hinge. It is preferred that the

hinge and mirror plate be separated by a gap of a distance
from 0.1 to 1.5 microns, more preferably from 0.1 to 0.45
micron, and even more preferably from 0.25 to 0.45 mi-
cron. Larger gaps could also be used, such as a gap from
0.5 to 1.5 micrometers, or from 0.5 to 0.8 micrometer, or
from 0.8 to 1.25 micrometers, or from 1.25 to 1.5 microm-
eters.
[0039] In the preferred embodiment of the invention,
the micromirror plates comprise aluminum, and the sac-
rificial layers (e.g. the first and second sacrificial layer)
are amorphous silicon. This design, however, can cause
defects due to the diffusion of the aluminum and silicon,
especially around the edge of the mirror plate. To solve
this problem, a protection layer (not shown) may be de-
posited on the patterned micromirror plate before depos-
iting the second sacrificial silicon layer, such that the alu-
minum layer can be isolated from the silicon sacrificial
layer. This protection may or may not be removed after
removing the sacrificial materials. If the protection layer
is not to be removed, it is to be patterned, after deposition
on the mirror plate.
[0040] The deposited second sacrificial layer is then
patterned to form two deep-via areas 406 and 420 (for
the posts, such as posts 202 and 203 respectively in FIG.
2b) and shallow-via areas 410, 424, 426 and 428 (for the
hinge contacts, such as hinge contacts 207, 224, 226
and 228 in FIG. 2b), using standard lithography technique
followed by etching, as shown in the figure. For simplicity
and demonstration purposes, the shallow-via areas may
appear to be centered with respect to the mirror plates;
however, the shallow-via areas should be positioned,
with respect to the mirror plates, based on the design of
the micromirror and the location of the hinge contact
thereof. For example, based on the embodiment of the
micromirror array in FIG. 2b, the shallow-via areas would
be located asymmetrically with respect to the center of
the mirror plates and should be formed as such. The etch-
ing step may be performed using Cl2, BCl3, or other suit-
able etchant depending upon the specific material(s) of
the second sacrificial layer. The distance from one deep-
via area to the next depends upon the length of the de-
fined hinge support strip or pattern. Deep-via areas
should not be formed between two adjacent mirror plates
of micromirrors connected to the hinge support strip in
the given embodiment, since there are no posts provided
between two adjacent micromirrors, only one post at
each end of the hinge support strip to which the micro-
mirrors are connected. For simplicity and demonstration
purposes, only 4 micromirrors are shown in the cross-
section of this fabrication process in FIG. 4a; however,
the deep-via areas should be positioned, with respect to
the micromirrors and with one another, based on the de-
sign of the micromirror array and the pattern of posts
provided to support the hinge supports of the micromir-
rors. In order to form the shallow-via area, an etching
step using CF4 or other suitable etchant may be execut-
ed. The shallow-via area, which can be of any suitable
size, is preferably on the order of 2.2 square microns in
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area in cross-section, in the plane parallel to the mirror
plate and substrate in the embodiment, and the size of
each deep-via is approximately 1.0 square micron in area
in cross-section, in the plane parallel to the mirror plate
and substrate in the embodiment.
[0041] After patterning the second sacrificial layer,
hinge support layer 408 is deposited on the patterned
second sacrificial layer. Because the hinge support is
designated for holding the hinge and the micromirror
plate, it is desired that the hinge support layer comprises
materials having a large elastic modulus. According to
an embodiment of the invention, hinge support layer 408
comprises a TiNx layer of a thickness of 400 Å (although
it may comprise TiNx, and may have a thickness between
100 Å and 2,000 Å) deposited by PVD, and a SiNx layer
of a thickness of 3500 Å (although the thickness of the
SiNx layer may be between 2,000 Å and 10,000 Å) de-
posited by PECVD. Of course, other suitable materials
and methods of deposition may be used (e.g. LPCVD or
sputtering.) The TiNx layer is not necessary for the in-
vention, but it provides a conductive contact surface be-
tween the micromirror and the hinge in order to reduce
charge-induced stiction.
[0042] After the deposition, hinge support layer 408 is
patterned into a desired configuration, such as that of
hinge support strip 209 in FIG. 2a, or that of hinge support
frame 252 in FIG. 3 or any other number of possible con-
figurations, not specifically listed herein. An etching step
using one or more proper etchants is executed in pat-
terning the hinge support layer. In particular, the layer
can be etched with a chlorine chemistry or a fluorine
chemistry where the etchant is a perfluorocarbon or hy-
drofluorocarbon or SF6 that is energized so as to etch
selectively the hinge support layers both chemically and
physically (e.g. a plasma/RIE etch with CF4, CHF3, C3F8,
CH2F2, C2F6, SF6, etc. or more likely combinations of
the above or with additional gases, such as CF4/H2,
SF6/Cl2, or gases using more than one etching species
such as CF2Cl2, all possibly with one or more optional
inert diluents.) Different etchants may, of course, be em-
ployed for etching each hinge support layer (e.g. chlorine
chemistry for a metal layer, hydrocarbon, or fluorocarbon
or SF6 plasma for silicon or silicon compound layers, etc.)
[0043] Referring to FIG. 6b, after patterning the hinge
support layer, the bottom segment of contact areas, such
as contact area 506, is removed and a part of the micro-
mirror plate underneath the contact area is thus exposed
to hinge layer 504, which is deposited on the patterned
hinge support layer, to form an electric contact with ex-
ternal electric source. The sidewalls of contact area 506
are left with residues of the hinge support layers after
patterning. The residue on the sidewalls helps to en-
hance the mechanical and electrical properties of the
hinge. When selected adjacent micromirrors do share a
post, a deep-via area of one micromirror can form a con-
tinuous element with a deep-via area corresponding to
the adjacent micromirror in an array. Only one deep-via
area would need to be formed between said micromir-

rors. Of course, where there is no post, no deep-via area
would be formed.
[0044] In the embodiment of the invention, the hinge
layer is also used as an electric contact for the micromir-
ror plate. It is desired that the material of the hinge layer
is electrically conductive. Examples of suitable materials
for the hinge layer are silicon nitride, silicon oxide, silicon
carbide, polysilicon, Al, Ir, titanium, titanium nitride, tita-
nium oxide(s), titanium carbide, CoSiNx, TiSiNx, TaSiNx,
or other ternary and higher compounds. When titanium
is selected for the hinge layer, it can be deposited at
100°C. Alternatively the hinge layer may comprise multi-
layers, such as 100 Å of TiNx and 400 Å of SiNx.
[0045] After deposition, the hinge layer is then pat-
terned as desired using etching. As with the hinge support
layer, the hinge layer can be etched with a chlorine chem-
istry or a fluorine chemistry where the etchant is a per-
fluorocarbon or hydrofluorocarbon or SF6 that is ener-
gized so as to etch selectively the hinge layers both
chemically and physically (e.g. a plasma/RIE etch with
CF4, CHF3, C3F8, CH2F2, C2F6, SF6, etc. or more likely
combinations of the above or with additional gases, such
as CF4/H2, SF6/Cl2, or gases using more than one etch-
ing species such as CF2Cl2, all possibly with one or more
optional inert diluents.) Different etchants may, of course,
be employed for etching each hinge layer (e.g. chlorine
chemistry for a metal layer, hydrocarbon or fluorocarbon
or SF6 plasma for silicon or silicon compound layers, etc.)
[0046] After the hinge is formed, the micromirror is re-
leased by removing the sacrificial materials of the first
and second sacrificial layers. A view of the cross-section
of the released micromirror device is presented in FIG.
6c. The removal of the first and second sacrificial layers
and the following release of the micromirror device permit
the mirror plate to deflect, when so driven by the elec-
trodes.
[0047] In order to remove efficiently the sacrificial ma-
terial (e.g. amorphous silicon), the release etching utiliz-
es an etchant gas capable of spontaneous chemical etch-
ing of the sacrificial material, preferably isotropic etching
that chemically (and not physically) removes the sacrifi-
cial material. Such chemical etching and apparatus for
performing such chemical etching are disclosed in U.S.
patent application 09/427,841 to Patel et al. filed October
26, 1999, and in U.S. patent application 09/649,569 to
Patel et al. filed August 28, 2000, the subject matter of
each being incorporated herein by reference. Preferred
etchants for the release etch are gas phase fluoride etch-
ants that, except for the optional application of tempera-
ture, are not energized. Examples include HF gas, noble
gas halides such as xenon difluoride, and interhalogens
such as IFs, BrCl3, BrF3, IF7 and ClF3. The release etch
may comprise inner gas components such as N2, Ar, Xe,
He, etc. In this way, the remaining sacrificial material is
removed and the micromechanical structure is released.
In one aspect of such an embodiment, XeF2 is provided
in an etching chamber with diluents (e.g. N2 and He.)
The concentration of XeF2 is preferably 8 Torr, although
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the concentration can be varied from 1 Torr to 30 Torr or
higher. This non-plasma etch is employed for preferably
900 seconds, although the time can vary from 60 to 5000
seconds, depending on temperature, etchant concentra-
tion, pressure, quantity of sacrificial material to be re-
moved, or other factors. The etch rate may be held con-
stant at 18 Å/s/Torr, although the etch rate may vary from
1 Å/s/Torr to 100 Å/s/Torr. Each step of the release proc-
ess can be performed at room temperature.
[0048] In addition to the above etchants and etching
methods mentioned for use in either the final release or
in an intermediate etching step, there are others that may
also be used by themselves or in combination. Some of
these include wet etches, such ACT, KOH, TMAH, HF
(liquid); oxygen plasma, SCCO2, or supercritical CO2
(the use of supercritical CO2 as an etchant is described
in U.S. patent application 10/167,272, which is incorpo-
rated herein by reference.) However, spontaneous vapor
phase chemical etchants are more preferred because
the sacrificial material, such as amorphous silicon, can
be removed more efficiently in small gaps between ad-
jacent mirror plates and the lateral gap between layers,
in comparison to the efficiency of the removal of other
sacrificial materials (e.g. organic materials) via other
etching methods. Though said etching method is not re-
quired in all embodiments of the present invention, a mi-
cromirror array with very small gaps, a small pitch, and
a small distance between the hinge and the mirror plate
can be more easily fabricated with such spontaneous
vapor phase chemical etchants.
[0049] It will be appreciated by those skilled in the art
that a new micromirror array device has been described
herein. In view of the many possible embodiments to
which the principles of this invention may be applied,
however, it should be recognized that the embodiments
described herein with respect to the drawing figures are
meant to be illustrative only and should not be taken as
limiting the scope of the invention. For example, those
of skill in the art will recognize hat the illustrated embod-
iments can be modified in arrangement and detail without
departing from the scope of the claims. In particular, other
protective materials, such as inert gas, may be filled in
the space formed by the package substrate and the cover
substrate. Therefore, the invention as described herein
contemplates such embodiments as may come within
the scope of the following claims and equivalents thereof.
In the claims, only elements denoted by the words
"means for" are intended to be interpreted as means plus
function claims under 35 U.S.C. §112, the sixth para-
graph.

Claims

1. A spatial light modulator comprising:

a substrat (201);
an array of reflective deflectable mirror plates

(216) on the substrate;
an array of hinges (206) and hinge supports
(204), each hinge being held by a respective
hinge support and attached to a mirror plate
(216) such that the mirror plate can rotate rela-
tive to the substrate, said hinge supports being
interconnected to form a continuous hinge sup-
port structure (218); characterised in that

a first hinge support of said hinge supports has con-
nected thereto a post (202, 203) connecting the first
hinge support to the substrate, and a second hinge
support of said hinge supports has no post directly
connecting the second hinge support to the sub-
strate, said second hinge support is held and con-
nected to the substrate by the continuous hinge sup-
port structure and the post connecting the first hinge
support to the substrate.

2. The spatial light modulator of claim 1, wherein each
post directly connects one of the array of hinge sup-
ports to the substrate, and wherein at least one of
the array of hinge supports is not directly connected
to a post;

3. The spatial light modulator of claim 1 or 2, wherein
the hinge supports of a set of the array of micromir-
rors are interconnected together forming a hinge
support strip, frame or grid.

4. The spatial light modulator of any preceding claim,
wherein the deformable hinge comprises TiNx,
TiSixNy, or SiNx.

5. The spatial light modulator of any of claims 1 to 4,
wherein a plurality of first micromirrors are provided
with at least two posts and a plurality of second mi-
cromirrors are provided with less than two posts,
wherein the ratio of the number of first micromirrors
to the total number of micromirrors is 1:2 or less.

6. The spatial light modulator of any of claims 1-5,
wherein a plurality of third micromirrors are provided
with at least one post and a plurality of forth micro-
mirrors are not provided with a post, wherein the ratio
of the number of first micromirrors to the total number
of micromirrors is 1:3 or less.

7. A display system, comprising:

an illumination system;
a spatial light modulator according to any one
of claims 1 to 5; and
an optical element for directing light to or from
the spatial light modulator.

8. A projection system, comprising 6:
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an illumination system;
a spatial light modulator according to any one
of claims 1 to 4; and
an optical element for directing light to or from
the spatial light modulator.

9. The projection system of claim 8, wherein the
number of the first micromirrors is 70% or less of the
total number of micromirrors in the micromirror array.

10. The projection system of claims 8 or 9, wherein the
number of the second micromirrors is 30% or more
of the total number of micromirrors in the micromirror
array.

11. The projection system any of claims 8-10, wherein
the group of second micromirrors further comprises
a subgroup of third micromirrors each of which hav-
ing no post, and a subgroup of fourth micromirrors
each of which has a single post, wherein the number
of the third micromirrors is 10% or less of the total
number of the second micromirrors in the group.

12. The projection system of claim 11, wherein the
number of the fourth micromirrors is 95% or more of
the total number of the second micromirrors in the
group.

13. A method of making a spatial light modulator as de-
fined by claim 1, comprising:

depositing a first sacrificial layer (402) on a sub-
strate (400);
forming an array of mirror plates on the first layer;
forming a second sacrificial layer (412) on the
first sacrificial layer and the mirror plates;
forming a hinge for each each mirror plate and
a hinge support structure on the second sacrifi-
cial layer;
forming a plurality of posts between the hinge
support structure and the substrate, wherein a
ratio of the number of the plurality of posts to the
total number n of mirror plates is less than (n+1)
ln;
and
removing the first and second sacrificial layer so
as to release the mirror plates.

14. The method of claim 13, wherein the first and second
sacrificial layer comprises amorphous silicon; and
wherein the step of removing the first and second
sacrificial layer further comprising:

removing the amorphous silicon with a vapor
phase etchant.

15. The method of claims 13 or 14, wherein the ratio is
less than (n+1 )/2n.

Patentansprüche

1. Räumlicher Lichtmodulator mit:

einem Substrat (201),
einer Anordnung aus reflektierenden, auslenk-
baren Spiegelplatten (216) auf dem Substrat,
einer Anordnung aus Scharnieren (206) und
Scharnierträgern (204), wobei jedes Scharnier
von einem jeweiligen Scharnierträger gehalten
und so an einer Spiegelplatte (216) befestigt ist,
dass die Spiegelplatte sich relativ zum Substrat
drehen kann, wobei die Scharnierträger unter
Bildung einer durchgehenden Scharnierträger-
struktur (218) miteinander verbunden sind, da-
durch gekennzeichnet, dass
mit einem ersten Scharnierträger aus den
Scharnierträgern ein Pfosten (202, 203) verbun-
den ist, der den ersten Scharnierträger mit dem
Substrat verbindet, und ein zweiter Scharnier-
träger aus den Scharnierträgern keinen Pfosten
aufweist, der den zweiten Scharnierträger un-
mittelbar mit dem Substrat verbindet, wobei der
zweite Scharnierträger von der durchgehenden
Scharnierträgerstruktur und dem den ersten
Scharnierträger mit dem Substrat verbindenden
Pfosten gehalten und mit dem Substrat verbun-
den ist.

2. Räumlicher Lichtmodulator nach Anspruch 1, bei
dem jeder Pfosten einen aus der Anordnung der
Scharnierträger unmittelbar mit dem Substrat ver-
bindet und bei dem wenigstens einer aus der Anord-
nung der Scharnierträger nicht unmittelbar mit einem
Pfosten verbunden ist.

3. Räumlicher Lichtmodulator nach Anspruch 1 oder 2,
bei dem die Scharnierträger eines Satzes der An-
ordnung von Mikrospiegeln miteinander zusammen-
geschaltet sind und dabei einen Scharnierträger-
streifen oder -rahmen oder ein Scharnierträgergitter
bilden.

4. Räumlicher Lichtmodulator nach einem vorherge-
henden Anspruch, bei dem das verformbare Schar-
nier TiNx, TiSixNy oder SiNx umfasst.

5. Räumlicher Lichtmodulator nach einem der Ansprü-
che 1 bis 4, bei dem mehrere erste Mikrospiegel mit
wenigstens zwei Pfosten versehen sind und mehre-
re zweite Mikrospiegel mit weniger als zwei Pfosten
versehen sind, wobei das Verhältnis der Anzahl von
ersten Mikrospiegeln zur Gesamtanzahl von Mikro-
spiegeln 1:2 oder weniger beträgt.

6. Räumlicher Lichtmodulator nach einem der Ansprü-
che 1 bis 5, bei dem mehrere dritte Mikrospiegel mit
wenigstens einem Pfosten versehen sind und meh-
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rere vierte Mikrospiegel nicht mit einem Pfosten ver-
sehen sind, wobei das Verhältnis der Anzahl von er-
sten Mikrospiegeln zur Gesamtanzahl von Mikro-
spiegeln 1:3 oder weniger beträgt.

7. Anzeigesystem mit:

einem Beleuchtungssystem,
einem räumlichen Lichtmodulator nach einem
der Ansprüche 1 bis 5, und
einem optischen Element, mit dem Licht zu oder
von dem räumlichen Lichtmodulator geleitet
wird.

8. Projektionssystem mit:

einem Beleuchtungssystem,
einem räumlichen Lichtmodulator nach einem
der Ansprüche 1 bis 4, und
einem optischen Element, mit dem Licht zu oder
von dem räumlichen Lichtmodulator geleitet
wird.

9. Projektionssystem nach Anspruch 8, bei dem die An-
zahl der ersten Mikrospiegel 70% oder weniger der
Gesamtanzahl von Mikrospiegeln in der Mikrospie-
gelanordnung beträgt.

10. Projektionssystem nach den Ansprüchen 8 oder 9,
bei dem die Anzahl der zweiten Mikrospiegel 30%
oder mehr der Gesamtanzahl von Mikrospiegeln in
der Mikrospiegelanordnung beträgt.

11. Projektionssystem nach einem der Ansprüche 8 bis
10, bei dem die Gruppe von zweiten Mikrospiegeln
ferner eine Untergruppe von dritten Mikrospiegeln,
die jeweils keinen Pfosten aufweisen, und eine Un-
tergruppe von vierten Mikrospiegeln umfasst, von
denen jeder einen einzigen Pfosten aufweist, wobei
die Anzahl der dritten Mikrospiegel 10% oder weni-
ger der Gesamtanzahl der zweiten Mikrospiegel in
der Gruppe beträgt.

12. Projektionssystem nach Anspruch 11, bei dem die
Anzahl der vierten Mikrospiegel 95% oder mehr der
Gesamtanzahl der zweiten Mikrospiegel in der Grup-
pe beträgt.

13. Verfahren zur Herstellung eines räumlichen Licht-
modulators nach Anspruch 1, bei dem:

eine erste Opferschicht (402) auf ein Substrat
(400) abgeschieden wird,
eine Anordnung aus Spiegelplatten auf der er-
sten Schicht ausgebildet wird,
eine zweite Opferschicht (412) auf der ersten
Opferschicht und den Spiegelplatten ausgebil-
det wird,

ein Scharnier für jede Spiegelplatte und eine
Scharnierträgerstruktur auf der zweiten Opfer-
schicht ausgebildet werden,
mehrere Pfosten zwischen der Scharnierträger-
struktur und dem Substrat ausgebildet werden,
wobei ein Verhältnis der Anzahl der mehreren
Pfosten zur Gesamtanzahl n der Spiegelplatten
weniger als (n+1)/n beträgt, und
die erste und die zweite Opferschicht so entfernt
werden, dass die Spiegelplatten freigegeben
werden.

14. Verfahren nach Anspruch 13, bei dem die erste und
die zweite Opferschicht amorphes Silicium umfas-
sen und bei dem bei dem Schritt des Entfernens der
ersten und der zweiten Opferschicht ferner:

das amorphe Silicium mit einem Gasphasenätz-
mittel entfernt wird.

15. Verfahren nach den Ansprüchen 13 oder 14, bei dem
das Verhältnis weniger als (n+1)/2n beträgt.

Revendications

1. Modulateur de lumière spatial comprenant :

un substrat (201) ;
un réseau de plaques formant miroir réfléchis-
santes (216) pouvant être défléchies sur le
substrat ;
un réseau d’articulations (206) et de supports
d’articulation (204), chaque articulation étant
maintenue par un support d’articulation respectif
et attachée à une plaque formant miroir (216)
de sorte que la plaque formant miroir puisse
tourner par rapport au substrat, lesdits supports
d’articulation étant interconnectés pour former
une structure de supports d’articulation continue
(218) ; caractérisé en ce que
un montant (202, 203) reliant le premier support
d’articulation au substrat est relié à un premier
support d’articulation parmi lesdits supports
d’articulation, et aucun montant reliant directe-
ment le deuxième support d’articulation au
substrat n’est relié à un deuxième support d’ar-
ticulation parmi lesdits supports d’articulation,
ledit deuxième support d’articulation est main-
tenu et relié au substrat par la structure de sup-
ports d’articulation continue et le montant reliant
le premier support de substrat au substrat.

2. Modulateur de lumière spatial selon la revendication
1, dans lequel chaque montant relie directement l’un
du réseau de supports d’articulation au substrat, et
dans lequel au moins l’un du réseau de supports
d’articulation n’est pas relié directement à un mon-
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tant.

3. Modulateur de lumière spatial selon la revendication
1 ou 2, dans lequel les supports d’articulation d’un
ensemble du réseau de micromiroirs sont intercon-
nectés, formant une bande, un cadre ou une grille
de supports d’articulation.

4. Modulateur de lumière spatial selon l’une quelcon-
que des revendications précédentes, dans lequel
l’articulation déformable comprend du TiNx, du Ti-
SixNy ou du SiNx.

5. Modulateur de lumière spatial selon l’une quelcon-
que des revendications 1 à 4, dans lequel une plu-
ralité de premiers micromiroirs sont pourvus d’au
moins deux montants et une pluralité de deuxièmes
micromiroirs sont pourvus de moins de deux mon-
tants, dans lequel le rapport entre le nombre de pre-
miers micromiroirs et le nombre total de micromiroirs
est de 1:2 ou moins.

6. Modulateur de lumière spatial selon l’une quelcon-
que des revendications 1 à 5, dans lequel une plu-
ralité de troisièmes micromiroirs sont pourvus d’au
moins un montant et une pluralité de quatrièmes mi-
cromiroirs ne sont pas pourvus de montant, dans
lequel le rapport entre le nombre de premiers micro-
miroirs et le nombre total de micromiroirs est de 1:3
ou moins.

7. Système d’affichage, comprenant :

un système d’éclairage ;
un modulateur de lumière spatial selon l’une
quelconque des revendications 1 à 5 ; et
un élément optique pour diriger une lumière vers
ou à partir du modulateur de lumière spatial.

8. Système de projection, comprenant :

un système d’éclairage ;
un modulateur de lumière spatial selon l’une
quelconque des revendications 1 à 4 ; et
un élément optique pour diriger une lumière vers
ou à partir du modulateur de lumière spatial.

9. Système de projection selon la revendication 8, dans
lequel le nombre des premiers micromiroirs est égal
à 70 % ou moins du nombre total de micromiroirs
dans le réseau de micromiroirs.

10. Système de projection selon la revendication 8 ou
9, dans lequel le nombre des deuxièmes micromi-
roirs est égal à 30 % ou plus du nombre total de
micromiroirs dans le réseau de micromiroirs.

11. Système de projection selon l’une quelconque des

revendications 8 à 10, dans lequel le groupe de
deuxièmes micromiroirs comprend en outre un sous-
groupe de troisièmes micromiroirs n’ayant chacun
aucun montant, et un sous-groupe de quatrièmes
micromiroirs ayant chacun un seul montant, dans
lequel le nombre des troisièmes micromiroirs est
égal à 10 % ou moins du nombre total des deuxièmes
micromiroirs dans le groupe.

12. Système de projection selon la revendication 11,
dans lequel le nombre des quatrièmes micromiroirs
est égal à 95 % ou plus du nombre total des deuxiè-
mes micromiroirs dans le groupe.

13. Procédé de fabrication d’un modulateur de lumière
spatial tel que défini dans la revendication 1, consis-
tant à :

déposer une première couche sacrificielle (402)
sur un substrat (400) ;
former un réseau de plaques formant miroir sur
la première couche ;
former une deuxième couche sacrificielle (412)
sur la première couche sacrificielle et les pla-
ques formant miroir ;
former une articulation pour chaque plaque for-
mant miroir et une structure de supports d’arti-
culation sur la deuxième couche sacrificielle ;
former une pluralité de montants entre la struc-
ture de support d’articulation et le substrat ;
dans lequel un rapport entre le nombre de la
pluralité de montants et le nombre total n de pla-
ques formant miroir est inférieur à (n + 1)/n ; et
retirer les première et deuxième couches sacri-
ficielles de manière à libérer les plaques formant
miroir.

14. Procédé selon la revendication 13, dans lequel les
première et deuxième couches sacrificielles com-
prennent du silicium amorphe ; et dans lequel l’étape
de retrait des première et deuxième couches sacri-
ficielles consiste en outre à :

retirer le silicium amorphe par un agent de gra-
vure en phase vapeur.

15. Procédé selon la revendication 13 ou 14, dans lequel
le rapport est inférieur à (n + 1)/2n.
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